SUMMARY In this study, 43 lateral cephalometric radiographs from 20 boys and 23 girls subjects were used to determine the Holdaway soft tissue growth changes. Subjects with Class I occlusions, balanced skeletal profiles, normal growth and development, and no orthodontic treatment history were included in the investigation. The cephalometric measurements were carried out on the first and second radiographs of each subject, with an average interval of 5 years. The growth changes in both sexes were analysed separately. The changes resulting from growth and development were determined by a paired t-test.
Introduction
Diagnosis and treatment planning play an important part in orthodontic considerations. Treatment-planning procedures are based on hard-tissue measurements, and some attempts have been made to find a standard value for the hard and soft tissues (Neger, 1959; Ricketts, 1960; Steiner, 1960; Merrifield, 1966; Peck and Peck, 1970) .
The changes in the soft tissues following orthodontic treatment are still unclear (Burstone, 1958; Merrifield, 1966; Iwasawa et al., 1977) . Some researchers have studied the thickness of the soft-tissues to determine the relationship between the hard and soft tissues, and to determine the effect of hard-tissues on facial aesthetics (Riedel, 1950; Ricketts, 1960; Wisth, 1972; Mauchamp and Sassouni, 1973) . Others have highlighted the necessity for the hard and soft tissues to be evaluated together, and that peri-oral function, facial aesthetics, and stability are important factors in orthodontic treatment (Riedel, l950; Burstone, 1958; Ricketts, 1960; Subtelny, 1961; Merrifield, 1966; Mauchamp and Sassouni, 1973) . Holdaway (1983) stated that 'Usually, as we correct malocclusions, we bring about changes in appearance that are pleasing to all concerned. However, most orthodontists who have practiced for even a few years have had the unpleasant experience of finding that some patients' faces looked better before the orthodontic corrections were made. ' Holdaway (1984) stated that 'Systems based on hard-tissue measurements or reference lines alone may produce disappointing results.'
Hard-and soft-tissues change with growth (Angle, 1899; Burstone, 1958; Subtelny and Rochester, l959; Subtelny, 1961) . It is possible to follow the development of the face and chin by means of longitudinal investigations (Subtelny and Rochester, 1959; Ricketts, 1960) .
The purpose of this study was to examine the 5-year changes in Holdaway measurements due to growth and development in boys and girls between 9 and 11 years of age.
Materials and methods
The material comprised the longitudinal lateral cephalometric radiographs of 43 patients, 20 boys and 23 girls, selected from subjects who attended the Department of Orthodontics, School of Dentistry, Atatürk University. Distribution by sex and age is shown in Table 1 . The following criteria were used for selection of the sample:
1. Class I occlusion with normal overbite and overjet. 2. Normal growth and development. 3. Balanced facial skeletal profile. 4. All lateral cephalometric radiographs taken with the lips in light contact and the teeth in occlusion. 5. None of the subjects had undergone orthodontic therapy.
The radiographs were traced by one investigator (AMȘS). The landmarks were located according to the definition provided by Holdaway (1983 Holdaway ( , 1984 . The following measurements were used (Figures 1 and 2) . 
L-Inferior sulcus to the H line (lower lip sulcus depth).
The measurement at the point of greatest convexity between the vermillion border of the lower lip and the H line.
M-Soft-tissue chin thickness.
The distance between the hard-and soft-tissue facial planes at the level of suprapogonion.
Two weeks after the first measurements, 15 radiographs were selected at random, and remeasured and a paired t-test applied to the first and second measurements. It was found that the difference between the first and second measurements of the 15 radiographs was insignificant. Correlation analysis applied to the same measurements showed the highest r value 0.993 to be for the soft-tissue facial angle, and the lowest r value 0.836 for the skeletal profile convexity ( Table 2) . The arithmetic mean, minimum, maximum, and standard deviation were calculated for each measurement. The significance levels of the changes resulting from growth and development were determined by a paired t-test. The measurement differences observed for 5 years in both sexes were compared using a Student' t-test.
Results
The results of the paired t-test used to determine the separate changes in Holdaway measurements in girls and boys over 5 years are shown in Tables 3 and 4. The change in upper lip thickness in girls was significant (P < 0.05), whereas the soft-tissue facial angle and the H angle showed a change of P < 0.01 (Table 3) . There was also a significant change in nose prominence, skeletal profile convexity, basic upper lip thickness, inferior On the other hand, in boys, the soft-tissue facial angle was found to be significant at the 0.05 level, and the skeletal profile convexity, the soft-tissue chin thickness at a level of 0.01. The measurements of nose prominence, basic upper lip thickness, upper lip thickness, and inferior lip sulcus to the H line showed a change at a level of 0.001 significance (Table 4) . The following results were obtained through the Student's t-test applied to compare the measurement differences of girls and boys. The upper lip thickness was significant (P < 0.01), but that for the basic upper lip thickness was not (Table 5) .
Whilst the soft-tissue facial angle, nose prominence, basic upper lip thickness, lower lip sulcus depth and soft-tissue Pogonion thickness measurements increased in boys and girls due to age, skeletal profile convexity and H angle measurements showed a decrease. However, the decrease in H angle in girls was significant (P < 0.01; Tables 3 and 4).
The increase in basic upper lip thickness and upper lip thickness measurements was more significant in boys than girls (Tables 3 and 4) .
Discussion
In this study, it was found that the majority of Holdaway measurement in boys and girls between 9 and 11 years old increased over a 5-year period.
Regardless of the significance levels of the soft-tissue facial angle, this angle increased both in girls and boys. This supports the results of Schugg (1985) and Zylinski et al. (1992) who found that the soft-tissue facial angle in preadolescents and adult males increased with respect to age.
Nose prominence in this investigation increased with age, which is in agreement with the findings of Subtelny and Rochester (1959) , Giray and Altug (1985) , and Schugg (1985) . Furthermore, the finding that the increase in males is more than in females is also supported by Anderson et al. (1973) , Giray and Altug (1985) , and Nanda et al. (1990) . Göyenç et al. (1992) , however, found an increase in nose prominence measurement only in girls with a skeletal Class II malocclusion in their research, which was performed on adult individuals of different skeletal Classes.
It was also determined in this study that the skeletal profile convexity measurement was greater in boys than in girls and that this measurement decreased with age. Mauchamp and Sassouni (1973) also found the facial profile to be flatter in females than in males.
The increase in upper lip base and upper lip thickness due to age is supported by various researchers (Wisth, 1972; Mauchamp and Sassouni, 1973; Giray and Altug, 1985; Schugg, 1985; Nanda et al., 1990) . Furthermore, Mink (1963) and Forsberg and Odenrick (1979) ANALYSIS OF HOLDAWAY MEASUREMENTS 291 Table 5 Mean, minimum, maximum and standard deviation differences of cephalometric measurements at the beginning and after 5 years, and changes between measurement difference for girls and boys. reported that the lips draw back due to age. Park and Burstone (1986) , and Genecow et al. (1990) determined that the positions of incisor teeth have a great influence on lip position. Mamandras (1988) in his study performed on individuals between 8 and 18 years of age, indicated that the upper lip base depth measurement was greater in 18-year-old males, and that the total increase between 8 and 18 years was 46.33 per cent in males, whereas it was only 14.68 per cent in girls. He also reported that the greatest increase in males occurred between 8 and 16 years of age and for females between 10 and 14. The results of the present study are supported by the findings of others who considered the same age range.
The findings of the H angle being larger in males is in agreement with the results of most researchers (Jenatschke, 1977; Gazilerli and I · şcan, 1980; Bishara et al., 1984; Giray, 1985) , except for Hasund et al. (1980) . The possible reasons for the difference in these findings from those of Hasund et al. (1980) is that their study was carried out on adults, and/or the bony points N and B were used for evaluation of the H angle. Bishara et al. (1984) reported that the H angle decreased significantly in girls between 10 and 15 years of age and in males between 15 and 25.5 years of age. As the subjects in the present study were between 10 and 15 years of age, the fact that the H angle decreased significantly in girls is supported by Bishara et al. (1984) .
The finding that the lower lip sulcus depth increases with age is in agreement with the results of Lew et al. (1992) who reported a similar measurement of 4 mm.
Another measurement found to be greater in males is the soft-tissue chin thickness. The findings are in agreement with those of Göyenç et al. (1992) , Mauchamp and Sassouni (1973), Flynn et al. (1989) , Seren (1990), and Yücel-Eroglu (1991) . However, the measurements of Giray and Altug (1985) are different as their research group comprised children between 8 and 11 years of age. There are other researchers supporting that the soft-tissue thickness in the jaw prominence region increases due to age (Mauchamp and Sassouni, 1973; Genecow et al., 1990; Nanda et al., 1990) . Nanda et al. (1990) in their study performed on 40 subjects between 7 and 18 years found a total increase in boys of 2.7 mm and in girls of 2.0 mm.
The increase of the upper lip sulcus depth and the decrease of the subnasal-H line distance with age was not found to be statistically significant either in girls or boys. Genecow et al. (1990) also reported an increase with age in the measurement of upper lip sulcus depth. On photographic studies performed on North American adult Negroes (Sushner, 1977) , subnasal-H line distance was found to be 6.2 ± 2.0 mm in girls and 7.8 ± 2.8 mm in boys. However Sushner (1977) reported that the soft-tissue profiles in Negroes are more protrusive, and that Caucasian standards indicated by Ricketts (1960) , Steiner (1960 Steiner ( , 1962 , and Holdaway (1983) could not be applied to non Caucasian.
There are many studies reporting that the lower lip H line distance is greater in males (Sushner, 1977; Hsu, 1993) .
Conclusions
The following measurements during the observation period of both sexes were statistically significant: soft-tissue facial angle (P < 0.01 in girls, P < 0.05 in boys); nose prominence (P < 0.001 in girls and boys); skeletal profile convexity (P < 0.001 in girls, P < 0.01 in boys); basic upper lip thickness (P < 0.001 in girls and boys); upper lip thickness (P < 0.05 in girls, P < 0.001 in boys); H angle (P < 0.001 in girls); lower lip sulcus depth (P < 0.001 in girls and boys); soft-tissue chin thickness (P < 0.001 in girls, P < 0.001 in boys).
The change in Holdaway measurements in girls and boys showed similarities except for the H angle. These findings suggest that the face tends to become less convex with growth. On the other hand, upper lip base thickness and upper lip thickness showed an increase due to age in both sexes, but this increase was greater in boys than girls. The measurements of lip thickness showed that, as the child grows, the facial structures as well as other body structures enlarge. 
